background: IVF children, including singletons, are known to have a poorer obstetric outcome than children born after spontaneous conception. With a broad introduction of single embryo transfer (SET), this scenario might change. This study compares the obstetric outcome after IVF with SET, elective SET (eSET), non elective SET (non-eSET) and double embryo transfer (DET) with outcomes in the general population. results: In total, 7763 children were born after SET and 5724 children after DET. Comparing all SET children, irrespective of multiplicity, with all children in the general population, significantly higher rates of ,28 w was found for the IVF children. Comparing IVF singletons, irrespective of SET and DET with non-IVF singletons from the general population, significantly higher rates of ,28 w, ,37 w, LBW and VLBW were found. eSET singletons, compared with singletons in the general population, had a significantly higher rate of ,37 w and non-eSET singletons had significantly higher rates of ,28 w and ,2500 g births.
Introduction
Children born after IVF generally have poorer obstetric outcomes than children born after spontaneous conception. Most of the increased risks for IVF children have been shown to be associated with multiple births. The introduction of single embryo transfer (SET) has substantially reduced this risk (Thurin et al., 2004; Pandian et al., 2009; Thurin-Kjellberg et al., 2006; Källen et al., 2010) . However, even for singletons born after IVF, an increased risk of adverse events has been noted (Bergh et al., 1999; Schieve et al., 2002; Helmerhorst et al., 2004; Jackson et al., 2004; Källen et al., 2005a,b,c,d) . After adjustment for confounding factors such as the age of the mother, parity and years of infertility, a relative risk of 1.4-2.0 for low-birthweight (LBW) and preterm delivery has been observed, although a trend towards improved outcome has been noted in the recent years (Källen et al., 2010) . There is no clear explanation for this increased risk. Specific maternal characteristics in the infertile population as well as the hormonal stimulation and the in vitro culture have been suggested. Another possibility could be that two or more embryos were transferred after IVF, but only one embryo implanted. A recently published Danish register study indicated that singletons born after 'vanishing twin', i.e. when two sacs have been identified by ultrasound examination in early pregnancy but only one infant was born, had a poorer outcome than singletons where only one sac was identified from the outset (Pinborg et al., 2005 (Pinborg et al., , 2007 .
Maternal complications are also more frequent in IVF pregnancies than in pregnancies after spontaneous conception (Schieve et al., 2002; Jackson et al., 2004; Källen et al., 2005e, 2010 Shevell et al., 2005; Romundstad et al., 2008; Healy et al., 2010) . All these studies included multiple embryo transfer and none separated the results for SET and double embryo transfer (DET).
In Sweden since 2003, an increasing number of IVF cycles are SETs owing to a change in the legislation. This change of policy from two to one embryo transfer gives us the opportunity to investigate and compare the outcomes after one and two embryo transfers on a national level and with large populations.
The aim of the present study was to investigate the obstetric outcomes after SET and DET in comparison with the general population, with a particular focus on singletons and after adjustment for maternal variables. Maternal age (years)
Materials and Methods
,20 (n ¼ 587 009). Obstetric outcomes were retrieved from the Medical Birth Registry. Main outcome measures were preterm birth (,28, ,32, ,37 w), very LBW (VLBW) (,1500 g) and LBW (,2500 g). Other outcome measures were as follows: small for gestational age (SGA, more than 2 SDs below the Swedish growth standard) (Marsál et al., 1996) For the purpose of this study, gestational age was determined from second trimester ultrasonography for both IVF and non-IVF pregnancies. Elective SET (eSET) and non elective SET (non-eSET) only refer to transfers with fresh embryos. eSET was defined as transfer of one fresh embryo when at least one embryo was cryopreserved in the same treatment cycle. Non-eSET was defined as fresh cycles when one embryo was transferred and no embryos were cryopreserved.
Odds ratios (ORs) were obtained using the Mantel-Haenszel procedure. When specified, stratification was made for the year of birth (1-year interval), maternal age at delivery (classes: ,20, 20-24, 25-29 and 1-year intervals up to 45 years of age), parity (previous children +1), maternal smoking at the first antenatal visit (not known, none, smoking ,10 cigarettes per day, smoking ≥10 cigarettes per day), BMI at the first antenatal visit (not known, ,20, 20-24.9, 25-29.9 , ≥30 kg/m 2 ) and number of years of involuntary childlessness before pregnancy (0, 1-2, 3-4, 5 years or more). Approximately, 95% confidence intervals (CIs) were calculated using the method proposed by Miettinen (1974) .
Power analyses (80% power, significance level 5%) revealed that with 7763 SET children and 587 009 children in the population, it is possible to detect a difference in preterm birth from 5.0% in the population to 5.8% in the SET group (risk ratio 1.15), and a difference in LBW from 3.2% in the population to 3.8% (risk ratio 1.19).
Results

Outcomes for children
Maternal characteristics are described in Table I .
In total, and including fresh and frozen transfers with own oocytes, 7763 children were born after SET and 5724 children after DET. The multiple birth rates were 1.2% (92/7671) for SET and 21.2% (1005/ 4717) for DET.
All children
Comparing all IVF children (SET, DET, fresh and frozen transfers, own and donated oocytes, singletons and multiples, n ¼ 13 544) with all non-IVF children in the general population, significantly higher rates were found in the IVF children for all the main outcome measures [adjusted odds ratio (AOR) between 1.7 and 1.9] (Tables II and III) .
Comparing all SET children (eSET, non-eSET, fresh and frozen transfers, own oocytes, singletons and multiples, n ¼ 7763) with all children in the general population (singletons and multiples), significantly higher rate of ,28 w was found for the IVF children (AOR 1.45, 95% CI 1.04 -2.03) (Tables II and III 
Singletons
Comparing all IVF singletons (SET, DET, fresh and frozen transfers, own and donated oocytes, n ¼ 11 347) with singletons in the general population, significantly higher rates were found for ,28 w, ,37 w, LBW and VLBW (AOR between 1.1 and 1.7) (Tables III  and IV) . In SET singletons (fresh and frozen transfers with own oocytes, n ¼ 7580), the rates of LBW and VLBW were 5.0 and 1.2%, and in DET singletons (fresh and frozen transfers with own oocytes, n ¼ 3712) the rates were 5.2 and 1.3%. Separated into eSET (n ¼ 4187), non-eSET (n ¼ 1860) and DET (n ¼ 2897) singletons (only fresh transfers with own oocytes), these rates were 5.2 and 1.1%, 5.8 and 1.3%, 5.3 and 1.3%, respectively (Table IV) .
In SET singletons (fresh and frozen transfer with own oocytes), the rates of preterm birth (,37 w) and very preterm birth (,32 w) were 7.2 and 1.3%, and in DET singletons (fresh and frozen transfer with own oocytes) the rates were 7.5 and 1.5%. Separated into eSET, non-eSET and DET (only fresh transfers with own oocytes), the rates were 7.5 and 1.2%, 7.3 and 1.6%, 7.5 and 1.4%, respectively (Table IV) .
For eSET singletons (only fresh transfers with own oocytes) versus singletons in the general population, significantly higher rate of ,37 w was found for the eSET children (AOR 1.15, 95% CI 1.02 -1.30) ( Table V) . When comparing non-eSET singletons (only fresh transfers with own oocytes) with singletons in the general population, significantly higher rates of ,28 w and ,2500 g were found for the non-eSET children (AOR 2.56, 95% CI 1.47-4.46, AOR 1.26 95% CI 1.02 -1.55) ( Table V) .
Maternal outcomes
Placenta praevia occurred more frequently among singleton pregnancies after both SET and DET and placental abruption occurred more frequently among SET singleton pregnancies when compared with singleton pregnancies in the general population (Tables VI and VII) .
Discussion
In this large population-based registry study, IVF children had a poorer obstetric outcome compared with children in the general population (Table III) . When comparing all SET children with all children in the general population, irrespective of multiplicity, significantly higher rate for ,28 w was found. Furthermore, IVF singletons, when analysed as a single group irrespective of whether the children were born after eSET, non-eSET or DET, fresh or frozen transfer, had a poorer obstetric outcome with higher rates of preterm (7.3%) and LBW (5.1%) compared with the general population (Tables III and  IV) . For singletons, when separated into eSET, non-eSET and DET and compared with the general population, significant differences were noted for eSET and non-eSET children with increased AORs for prematurity and LBW. For most variables, however, it was obvious that crude ORs were significantly increased for IVF children but decreased after adjustments for maternal characteristics, particularly years of infertility, and were then no longer significant. In other studies investigating children after SET and DET (De Sutter et al., 2006; De Neubourg et al., 2006; Poikkeus et al., 2007; Wang et al., 2009) , no adjustment for years of infertility have been done. However, interpretation of these subgroup analyses on eSET, non-eSET and DET singletons should be taken with caution since the study was not powered for subgroup analyses. A poorer outcome may well exist for all these subgroups, similar to the main analysis.
Particularly for the non-eSET singletons, a poorer outcome was noticed. Poorer outcomes for the non-eSET children, even after adjustment for maternal confounders, might reflect a more severe infertility situation, with fewer embryos of good quality. Some of the non-eSET embryos transferred were most probably not highquality embryos. Embryo quality, however, has not been found to influence neonatal outcomes, although few studies have addressed this question thoroughly (Ebner et al., 2001) . Previous studies have reported conflicting results concerning perinatal outcome for singletons after SET and DET. In a study from Belgium, singletons from 404 SET and 431 DET patients were compared and adjustments made for maternal characteristics. Preterm birth and LBW rates were significantly higher among singletons after DET (De Sutter et al., 2006) . In another Belgian study, 251 singletons born after SET were found to have similar perinatal outcome to children born after spontaneous conception (De Neubourg et al., 2006) . A Finnish study found poorer outcomes for singletons after IVF than singletons after spontaneous conception, but no differences between SET and DET (Poikkeus et al., 2007) . The number of SET and DET singletons in that study was 269 and 230. In a recent large population-based study from Australia (Wang et al., 2009) including more than 13 000 SET singletons and 16 000 DET singletons, significantly lower rates of preterm births and LBW were noted for singletons after SET than singletons after DET. No control group with singletons born after spontaneous conception was included in that study.
The rate of preterm birth in previous studies were 8.7 -11.5% and the rate of LBW 7.3-13.2%. (Bergh et al., 1999; Schieve et al., 2002; Helmerhorst et al., 2004; Jackson et al., 2004; Källen et al., 2005a) . However, in a recent large registry study from Sweden, covering the years 1982-2006, trends towards better neonatal outcome were observed for all IVF children, and also for singletons separately (Källen et al., 2010) . The present study was based on data reported from all IVF clinics in Sweden and data from the Medical Birth Registry. This registry has been found to have high validity and includes virtually all deliveries in Sweden (Cnattingius et al., 1990 We found significantly increased rates of placenta previa in SET and DET singleton pregnancies and placental abruption in SET singleton pregnancies when compared with singleton pregnancies in the general population and after adjustment for maternal variables. Placenta praevia and placental abruption are major obstetric complications and an increased rate in assisted reproduction technology (ART) pregnancies, both multiple and singleton, has been reported in several earlier studies (Schieve et al., 2002; Jackson et al., 2004; Källen et al., 2005e, 2010 Shevell et al., 2005; Romundstad et al., 2008; Healy et al., 2010) . However, unlike in this study, none of those earlier studies reported SET singletons separately. The reason for the increased rates of these obstetric complications is not known. The Australian study, including 6730 singletons pregnancies after ART, showed associations with fresh embryo transfers in stimulated cycles, endometriosis and hormone treatments and suggested that events around the time of implantation may be responsible, with suboptimal endometrial function being the critical mechanism. A systematic problem related to increased surveillance, i.e. that ART pregnancies are more prone to ultrasound investigation resulting in placenta previa being diagnosed more often, cannot be ruled out.
In conclusion, children born after IVF had a poorer obstetric outcome compared with children from the general population. Also singletons, when analysed as one group, irrespective of whether the children were born after eSET, non-eSET or DET, had a poorer obstetric outcome with higher rates of preterm and LBW compared with singletons in the general population. More placental complications were observed in singletons after both SET and DET.
